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In this paper the method developed by J. R. Wait to determine the fields produced 
by an aperture in an infinite coated-metal cylinder is extended to obtain the solution for 
the fields produced by an aperture in an infinite coated-metal plane. Although the fields 
at any point can be found by this method, this paper treats only the radiation fields (a future 
paper is planned which will treat the near fields and input admittance of the aperture) . It 
is shown that the radiation fields produced by a given aperture for the coated case are 
related to those of the uncoated case, for the same aperture excitation, by simple multi- 
plicative functions which depend only on the parameters of the coating and the off-axis 
angle. These findings, combined with experimental results for finite size uncoated and 
coated plates in conjunction with semi-empirical and empirical theories, respectively, are 
then generalized to obtain the radiation fields produced by a slot in a coated finite metal 
plate. The sharpening and broadening effects on the radiation patterns due to a lossless 
plasma coating are also obtained from the general solution. 



List of Symbols 

E=vector electric field intensity, volts/meter 
H = vector magnetic field intensity, amperes /meter 
Ex = £ component of E, etc. 

/= double Fourier transform of the function /(#, y) 
F~ l = double inverse Fourier transform operator 

Ey = double Fourier transform of forward going axial electric field in region 1, etc. 
Ei = double Fourier transform of backward going axial electric field in region 1, etc. 
c = cosine 
s=sine 
j8 8 = co VMoe B =2x/X»= phase factor in vacuum 
ju»= permeability of vacuum =4tt-10" 7 henries/meter 
e„= permittivity of vacuum=l/367r-10 9 farads /meter 
\ v = wavelength of source in vacuum 
7x = propagation factor in coating 
(3 2 = phase factor in region external to coating 

fl=*»+ir"=square of cutoff phase factor- /S^f* ** coating 

|^ft— 02 m region external to coating 

£ =wave number in x direction 
?7= wave number in y direction 

[x r = complex relative permeability of coating 

t T — complex relative dielectric constant of coating 
d= thickness of coating 

fp=cc p /27T=^ plasma frequency « 9 -yfn cycles/second 
n= electron density, electron/meter 3 
(All other symbols are defined as they are introduced.) 



1 The major pari of this work is abstracted from Chapter III of "Radiation Characteristics of Apertures in Coated Metal Surfaces", Ph. D. 
Thesis by C. M. Knop, Department of Electrical Engineering, Illinois institute of Technology, Chicago, 111., January 1903. 

2 NESCO, Pasadena, Calif.; formerly With The Hallieralters Company, Chicago. 111. 

3 Consultant; formerly Professor of Electrical Engineering, Illinois Institute of Technology, Chicago, 111. 
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1. Introduction 

In this paper the method previously developed to determine the radiation fields from an 
aperture in a coated cylinder [Wait and Mientka, 1957; Wait and Conda, 1957b; Wait, 1959] 
is extended to obtain the solution for the radiation fields produced by an aperture in a coated 
plane. In particular, the radiation structure considered is an infinite perfectly conducting 
plane with an arbitrarily shaped aperture excited by a specified tangential, electric field distri- 
bution. The entire plane is covered by a material coating of complex dielectric constant 

€! = €„€,.' complex permeability ili = ix v il T ' and thickness d. The structure is depicted in figure la. 




Figure la. Arbitrary aperture cut in 
a coated perfectly conducting plane. 



NFINITE PERFECTLY CONDUCTING PLANE 



ARBITRARY APERTURE CUT INTO PLANE 



2. Formal Solution 



The fields produced by the specified tangential, electric field distribution are found by 
solving a two-region boundary value problem. These regions are region 1 : <z<d and region 
2: d<z<co. To solve for the fields the method of Wait is used. First, from Maxwell's 
equations it can be shown that the axial (z) components of both the E and H fields in each 
region obey the scalar wave equation for that region, namely vV+£c^=0 where \p can repre- 
sent any of the axial components of either the electric or magnetic fields in either region. The 
propagation in region 1 is taken as e ±7lZ and in region 2 as e~ j ^ z . The solution for ^ is expressed 
as a double Fourier integral over mode space, i.e., the axial fields are expressed as inverse 
Fourier transforms. The transverse fields are then found from Maxwell's equations and the 
assumed propagation. This process gives for the fields in region 1 

364 



E t =F~ 1 [Ete-'i'+E;e'>i'] 
H,=F- 1 [Hte-ii'+Hre-'i'] 

^ =F_1 {(iq?7) {-JymEt-^kmn+j^^ [+rMEi-<*kSB:fy 



(1) 



and for those in region 2, 



E z =F-'[E 2 e-»*') 

H z =F- l [H 2 e^A 



(2) 



where the argument (x, y, z) of the fields is understood. In the above the Fourier transform 
symbols 



F' 1 [M,v)}= P r Mv)e j{ * x +«' ) dxdy=f(x,y) 

%J — co »y — co 
K Z 7T) J -co J -co 



(3) 
(4) 



are used. It should be noted here that the above formal representation of the fields as in- 
verse Fourier transforms can be established on a rigorous physical basis by initially considering 
the given coated aperture exciting a hypothetical square metal waveguide of wall spacing 
L and of infinite length. The axial and transverse fields for a finite L are expressed in a double 
Fourier series as for an ordinary waveguide. The walls are then displaced to infinity and the 
Fourier series expressions for the fields become Fourier integrals. This procedure converts 
the discrete mode spectrum into one which is continuous [Cohn and Flesher, 1958] and has been 
previously applied to the coated cylinder [Knop, 1961]._ Equations (1) and (2) contain the 
six unknown Fourier mode spectrum coefficients EX, El, H\, H~ ly E 2 , and H 2 . These are 
found by applying the tangential boundary conditions at the surfaces z=d and z=0. These 
are the equality of the corresponding E x , H x , E y , and H y fields in each region to each other 
at z=d; and the specified fields at z=0, namely 
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i E£(x, y) on aperture 
E xl (x,y,0)=< (5) 

10 off aperture 

| Ey(x, y) on aperture 
E yl (x,y,0)=<{ (6) 

! off aperture 

where E£(x, y) and Ef(x,y) are the specified aperture x and y components of electric fields. 
Using (1) with (5) and (6) gives 

#*& v)^ffe- 3 ^ v, Ei(x, y)dxdy=-j^^ ) [-j yi S(E?-Ei)+uUHl+Hr)} (7) 

W> v)^^JJe- i( ^ + ^^(*,y)^y=^r^ l-uht(H++Hn-jyME+-En} (8) 

4 

where ^ means integration over the aperture. Use of the four boundary conditions at z—d 
with (1) and (2) then gives with (7) and (8) a set of six equations in the six unknowns Et, 
etc., in terms of the excitation factors A^ (£, y) and Ef(^,rj) . To find the radiation fields it suffices 
to find Ei and H 2 . However, before solving for these coefficients, it is noted that all the field 
components in region 2 can be written in the form 

g(x,y,z)=F- 1 ig(H,r l )e-^] (9) 

where g(x, y } z)=E x2 , E y2 , etc., and #(£, rj) is the corresponding factor appearing in the inverse 
Fourier transform of (2). This inverse Fourier transform operation is greatly facilitated in 
the radiation zone (i.e., for large r) by successive application of the method of stationary phase 
[Di Francia, 1955] and gives 

g(x, y, z)=Ag(£ , vo)cd+0(r- n ), n>l (10) 

where A=j2Tr(3 v e~ JISvr /r, ^=—fi v sdc<j), and r] = —(3 v sds(t). Thus, to determine the radiation fields 
(the fields of order 1/r) it is only necessary to determine #(£, rj) at the modal point (£ , Vg)- 

At this point 7i=ai+ift= ijjSpV Ji r er— s 2 d, where the sign on the radical is chosen so as to 
make a^O and ft>0 so as to have physically realizable waves in the passive media. The 
radiation fields then become, using (10) in (2) and changing to spherical coordinates (dropping 
the subscript 2 and understanding radiation fields only) 

E r =H r =0 (11) 

Ee=J^ H^=-A cot 0l 2 (&, n ) (12) 

E t =-J* H e =A cot e A h Sift,, „ ). ( 13 ) 

Evaluating 2? 2 (!o, vo) an d Ht(£o, 1o) from the previously mentioned six equations in six un- 
knowns using determinants, and substituting in (12) and (13) gives (after some algebra) 

E,=Af{0)[E°e4>+E°»l>] (14) 

Et=Ag(d)[-Els<t>+E° y c<t>)cd (15) 
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where E% and E* are Ei and Ef, respectively, evaluated at (f , Vo), and where 

g(0)=e**«/[cf+J2M*l'] (16) 

/W=«*^/[c*+JW] (17) 



with \p = electrical length of coating material=— jy 1 d=p o d\lLr€r— s 2 0, 2 H =^ v ix T v e T —s 2 d l\ T cB, 

and z E =lLrCd/y l jjL r e r —s 2 d. Equations (14) and (15) constitute the exact solution for the radiation 
fields produced by a specified tangential, electric field distribution in an arbitrarily shaped 
aperture cut in a perfectly conducting plane coated with a dielectric-permeable slab having a 
complex relative dielectric constant, e r , a complex relative permeability Jx r , and of thickness d. 

2.1. Special Case of Uncoated Plane 
As a partial check on the above solution, consider the case of an uncoated plane, i.e., either 
a vanishing coating thickness, d=0, or a slab of free space ji r =e r =l. In either case#(0) and 
f(6) become unity. 

g (d)=f(d) = l for d=0 and/or ^=€,=1. (18) 

The radiation fields for the uncoated case are then given by (14) and (15) with (18). The 
use of these equations for the radiation fields gives results which are identical to those obtained 
by solving the given problem by other methods. 

2.2. Relation Between Radiation Fields From Uncoated and Coated Apertures 

From (18), (14), and (15) the radiation fields from an aperture with a coating can be ex- 
pressed in terms of those without the coating, for the same aperture excitation, by the multi- 
plicative factors #(0) and /(#), which for a given frequency, only depend on the off axis angle, 6, 
and the parameters of the coating. Thus, 

Ee\ =j{e)E 9 \ , Et\ u =g(0)E+\ (19) 

with coating no coating with coating no coating 

It is to be stressed that (19) holds only if the tangential electric field distribution over the 
aperture is the same with and without the coating. If this is not true, then (14) and (15) must 
be used individually for each case. 

2.3. The Radiation Fields From a Rectangular Slot 
Consider the rectangular slot depicted in figure lb and excited as follows: 

Ei(x,y)=0, Et(x,y)=E s[^(x l2-\x\)] (20) 

which give E °=Q, E° V = VJP(6, 4>)/2ttX where V =E y Q , and P(6, 0) = {c[(/W2)s0c«]-c(/W2) } / 
{1— s 2 dc 2 (j)}, and where the restriction that a thin slot (i.e., s[((3 v y /2)sds<l)\/(l3 v y Q /2)sdS(j)~\) has 
been made. From (14), (15), and (18), the radiation fields from this slot for the no coating 
case are 

E e =AV P(d,ct ) )s ( t ) l27r 2 l3 t) ,E 4) =AV P(d,(t>)cdcct>l2T 2 l3 v . (21) 

For the coating case and the same excitation the radiation fields are given by (19) and (21) 
with (16) and (17). 

3. Numerical Computations — Teflon Coated Slot 

Calculations of the radiation patterns for the case of a thin rectangular half wavelength 
slot ( jS,, -£=jz ) coated with a material having a practically lossless dielectric constant, 
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Figure lb. Rectangular slot cut in a 
coated perfectly conducting plane. 



RECTANGULAR SLOT 



e 7 . = e ' r = 2.10 (Teflon) for the cases of a thin ( — =0.10 \ a medium (—=0.40 )? and a thick 

(—=2.39)? coating were made. The patterns were calculated for the principal planes only, 

i.e., the horizontal £S=plane (<^=0, 6 variable) and the vertical, i.e., yz plane (<t>=w/2, 
6 variable) . These patterns are obtained from (21) with P(d, 0)=c[(w/2)sd]/c 2 d, and P(0, tt/2) = 1, 
and are E < p(r,d,0)=jV c[U/2)sd]e-J^rg(e)/r 7r cd, E e (r, 6, 0)=0, and E e (r, d, ir/2)=jVtf-Jf>sf(6)lrir, 
E<f>(r,djwl2)=0, with|/(0) and g(0) given by (16) and (17). All patterns are symmetrical 

E 9 (0,t/2) 
E e (0 ,Tr/2) 

The patterns for the noncoated 



WET 6. The radiation power patterns in decibels in these planes ( plots of 20 log 

and 20 logi -m , A ' ~ \ ) m decibels are shown in figure 

*w,0) / 

slot are also shown. These patterns show that the thin and medium thickness coatings have 
a very slight effect on the horizontal plane patterns. However, the thick coating broadens 
the pattern and introduces a lobe, less than a db down, at approximately 61° off the axis. 
It is also noted that for all the coatings the field in the horizontal plane near the dielectric 
coated ground plane (0 — 90°) approaches zero, as is the case for no coating present. 

For the vertical plane radiation pattern, figure 2b reveals that near the axis (6=0°) the 
thin and medium coatings produce a slight effect, but as 6 approaches ±90° the electric field 
approaches zero, indicating that with even the thin coating the radiation can be significantly 
reduced in this plane for angles near the ground plane. The thick coating again has the effect 
of broadening the radiation near the axis, but also causes it to approach zero (although not 
as soon as the thin and medium coatings) at angles near the ground plane. This is to be 
compared with the noncoated case where the electric field in the vertical plane is constant. 
It is to be stressed that these patterns are for an infinite ground plane. Their adequacy to 
describe the radiation from a finite ground plane will be discussed shortly. 
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Figure 2a. Calculated power radia- 
tion patterns in horizontal (xz) 
plane of a dielectric coated slot 
antenna. 




Figure 2b. Calculated power radia- 
tion patterns in vertical (yz) plane 
of a dielectric coated slot antenna. 
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4. Numerical Computations — Plasma Coating 

Next, consider the case of a neutral, homogeneous, isotropic, linear, lossless plasma, 
coating characterized by a relative dielectric constant of e' r = l — l/p 2 with p=f/f Pf where/ is 
the frequency of the applied electromagnetic field and j v is the plasma frequency. For this 
case the polarization pattern relationships become for the exciting frequency greater than 
or equal to the plasma frequency (p>l) 



r fc 2 e-c\^p 2 c 2 e-\) 



■ E^<1> no plasma 
-t^4> plasma 



-\g\- 



1 



p 2 c 2 6 



o<e<d ,p>\ 



(22) 



cosh 2 (AVl-;p 2 c 2 fl— pV 9 fl ; 
l-p 2 c 2 d 



e <e<e m ,p>i 



where o = arc c ( - V A=^r? C is the speed of light in vacuum, and OT =arc c(-j <Ct/2. (Only 

the <t> polarization will be considered for reasons which will be made clear in the discussion of 
experimental results.) When the operating frequency is below or equal to the plasma 
frequency, p < 1 , then 



E(f> 



no plasma) 



E<t> 



plasma 



= 1*1" 



cosh 2 (A^l-p 2 c 2 d-p 2 c 2 d 
l-;p 2 c 2 



0<6<0 m ,p<l. 



(23) 



The effect of the plasma coating on the on axis (0=0) field strength is obtained from 
these equations, and is as shown in figure 3a. The attenuation shown is for a constant level 
of aperture excitation, i.e., it does not include the attenuation due to the impedance mismatch 
caused by the sheath. It is seen that for A>1 corresponding to a high u p for a fixed d or a 
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Figure 3a. On axis attenuation of radiation field due to plasma sheath of constant excitation. 
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A=^ = 5. 



10 l0 



v 





Figure 3b. Plasma sheath effect on <f> polarization 
radiation power pattern, f <f p . 



Figure 3c. Plasma sheath effect on <t> polarization 
radiation power pattern, f >f p . 



Those patterns give the relative change in the power radiation patterns of the uncoated 



large d for a fixed co p , that the attenuation introduced can be quite severe ior f<f p . For a 
A of 10 the attenuation is much too large to be tolerable in a practical radiating system, 
whereas for A=l, very little effect occurs. As a compromise, a plasma parameter value of 
A = 5.00 was chosen to determine the effect of the plasma on pattern shape. Using (22) and 
(23) the change in the shape of the E^ polarization power pattern due to the presence of a 
plasma of A = 5 was determined, and is shown in figures 3b and 3c, which are plots of 20 log 10 

m\ 

antenna due to the presence of the plasma. 

From the patterns, it is seen that for/ approaching j v the presence of the plasma tends 
to appreciably sharpen the radiation pattern and as / deviates far from f p either far above 
it (p>>l) or far below it (^^0) the pattern is affected very slightly except for £>>>1 and 6 
approaching the ground plane. 

5. Experimental Results 

To see how well the above theoretical solution for an infinite ground plane can be used 
to predict the radiation fields from a slot on a finite ground plane, the radiation patterns for 

the cases of the thin (--=0.10 ) and medium ( —=0.40 j Teflon coatings were experimentally 

measured. The ground plane chosen w r as a circular disk 18 in. in diameter (approximately 
15 free-space wavelengths at the frequency used) . Three such disks were made, one noncoated, 

one with % in. Teflon coating, and one with }{ in. Teflon coating, corresponding to —=0.00, 

0.10, and 0.40, respectively, at a frequency of 9.43 Gc/s. Each disk was excited by a half 

wavelength resonant slot at this frequency ( x =-^= 0.625 in. V The slot width was chosen 

to be a tenth of a free-space wavelength (?/ =0.125 in.). A photograph of one of the disks 
and the exciting waveguide is shown in figure 4a. The antennas were used in a receiving 
position and were tuned for maximum response with a slide screw tuner, which excited a 
crystal which in turn fed an Ant-Lab polar recorder. A 6 in. pyramidal horn was used as 
the transmitting source in conjunction with a Hewlett Packard-620A Signal Generator. 
The distance between receiving and transmitting antennas was approximately 20 ft. The 
pertinent patterns taken in the horizontal (xz) plane for all the cases are shown in figure 4b, 
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Figure 4a. Dielectric coated antenna. 




Figure 4b. Power radiation patterns in horizontal plane. 




- MEASURED FOR 18 INCH DIAMETER GROUND PLANE 
• CALCULATED FOR INFINITE GROUND PLANE 



Figure 4c. Power radiation patterns in vertical plane. 
372 



and those in the vertical (yz) plane in figure 4c. The calculated patterns for the infinite ground 
plane are also shown on these figures for ease of comparison. 

To obtain a realistic comparison between the calculated infinite ground plane patterns and 
the measured patterns, the calculated patterns were drawn in the following way. First it is 
known that the calculated fields from the noncoated infinite plane are correct, and yet figure 
4c for the case d=0 reveals that the vertical pattern is not a semicircle, but tends to oscillate 
about a mean value, then approaches zero at #=±90°. This effect for this noncoated case 
can be attributed to one or both of two reasons: (1) a finite slot height causes a slot field 
distribution different from that assumed, and (2) the finite diameter ground plane. 

The horizontal plane pattern measured agrees well with the calculated pattern, hence the 
former reason is probably not predominant. The mean value of the vertical plane pattern at 
0=0 was obtained and used as the reference point throng] i which the calculated pattern was 
drawn. The same procedure to locate the reference point at 0=0 was used for all the other 
patterns. 

Figure 4b depicts the very good agreement in the horizontal planes for the cases —=0.00 

A, 

and 0.10 obtained. The measured pattern in this plane for the case of --=0.40 oscillates some- 

A,. 

what about the calculated values. These oscillations are observed to be more severe than for 
the uncoated case in the horizontal plane. Figure 4c, which depicts patterns in the vertical 
plane, reveals that the calculated values for the infinite ground plane serve as a mean value 
of the measured patterns for the finite ground plane. It is seen that as the coating thickness 
is increased, the oscillations about the calculated values become much more severe. In par- 
ticular, for the case —=0.40, extremely severe oscillations were measured; enough to make the 
A, 

patterns predicted by the theoretical infinite plane model unusable. This is attributed to the 
edge effects and the finite size of the ground plane. From this observation it is seen that the 
interference effects are definitely a function of the dielectric thickness indicating, apparently, 
that the energy is stored within the dielectric and also radiated from the edge. The deviation 
of the observed patterns from those predicted by the uncoated infinite ground plane solution 
is attributed in part to the liniteness of the ground plane and in part to the presence of the 
coating, especially since the deviation is not so noticeable in the absence of the coating. It is 

noticed that the same number of lobes (15) appears for each case, except for the —=0.10 case 

A/; 

where the center lobe splits. It is to be noted that this number of lobes is about the same as 
the diameter of the ground plane expressed in terms of free-space wavelengths. 

Thus, whereas the horizontal plane patterns of the finite coated ground plane can be pre- 
dicted fairly well using the solution for the infinite coated plane model, the same is not true 
for the vertical plane patterns. 

6. Effect of Finite Ground Plane on Radiation Patterns 

To account for the preceding deviation between the observed vertical plane patterns of 
the finite ground plane and those predicted for the infinite plane model, the following methods 
can be used. 

6.1. Uncoated Ground Plane 

The finite size of the ground plane along the y axis causes an abrupt discontinuity in the 
electric field at the edges of this plane which are parallel to the long dimension of the slot, 
since the normal component of this field will be discontinuous at its surface but continuous 
in the space immediately exterior to it. Because of this discontinuity, there will be diffracted 
or scattered waves produced at these edges. This discontinuity does not exist along the x axis 
and hence no scattering will occur at the edges of the ground plane perpendicular to the long 
dimension of the slot. 
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The effect of these scattered waves has been treated by placing equivalent image radiators 
at the edges, which are parallel to the long dimension of the slot, and superimposing their 
radiation with that produced by the slot to obtain the total radiated field [Dome and Lazarus, 
1947]. However, this method requires a knowledge of the strength of these image fields which 
can, however, only be determined after the pattern is measured. Hence, this method can only 
describe, not predict, the patterns. 

A more satisfactory treatment considers the slot as a receiving element, and in conjunction 
with the known Sommerfeld diffraction effects produced about the edges by an incident plane 
wave, computes the voltage induced across the slot by this wave and then uses reciprocity. 
This has been done with success to predict the vertical plane patterns produced by slots in 
uncoated rectangular metal plates [Frood and Wait, 1956]. 

However, the most rigorous treatment to date to predict the patterns produced by a slot 
in a finite rectangular metal plane is that which represents the plate as the limiting case of an 
infinitesimally thin elliptic metal cylinder [Wait, 1955; Wait and Walpole, 1955; Wait and 
Mientka, 1958; and Wait, 1959]. Kelated work [Wait and Conda, 1957a] for the half plane 
has also been reported. 

Now, although the experiments in this paper were performed for a circular, not rectangular, 
ground plane it can be argued that the effect of the finite size of the ground plane on the pattern 
in the vertical plane should still be primarily determined by the length of the ground plane 
(as measured between the edges parallel to the long dimension of the slot), especially if the 
ground plane is much larger than the slot, as is the case. As such, Wait's thin ellipse method 
is adopted. 

Thus, using Wait's result, eq (322) of Wait (1959) it is seen that the E e field produced by 
the slot in the uncoated finite ground plane is related to that produced by the same slot, but 
in an infinite uncoated metal plane by 



where 



IML-^ -* 12 ^ 12 (24) 

T(U, 0) « lF[^s(6'/2)]+F[^c(e'/2)]-l} (25) 



where d' = w/2 — d, and g = /3 r D/2, where D is the diameter of the ground plane, and with the 
function F defined bv 

e- ju \lv. (26) 

It is noted that if D-^co y i.e., if the ground plane is allowed to become infinite, then T becomes 
unity. 

The factor T(g, 6) can be simplified to 

\T\ 2 =(X 2 +Y 2 )/2 (27) 

where X=-C{x l ) J r C{x 2 ) and Y=S(xi)-\-S(x 2 ) with C(x)=cosine Fresnel integral = c [(71-/2) 

u 2 ]du, and S(x) =sine Fresnel integral^ s[(ir/2)v. 2 ]du y where x l = 2-yjD/X v s(d f /2) and x 2 =2^D/\ p 

r\T\ 2 =0~\ 

c(d'/2). For the antennas used D/\ v = 14.37. A plot of 10 log 10 —yf^— is shown in figure 5a, 

which also shows the experimentally measured vertical plane pattern for the uncoated ground 
plane (i.e., figure 4c, d=0 is redrawn). The agreement with the observed pattern and that 
predicted using Wait's result (24) is seen to be very good. 

6.2. Coated Ground Plane 

It would now be desirable to extend Wait's method of the limiting case of the thin ellipse 
to the coated case. This requires a solution to the fields produced by a slot on a coated 
elliptic cylinder which is, however, not currently available. 
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Figure 5a. Experimental and calculated vertical plane power radiation patterns. 



For this reason, either the aforementioned image theory of Dome and Lazarus or an 
extension of the work of Sommerfeld to diffraction around a coated edge must be used. The 
latter method is perhaps more difficult to obtain than the fields from a coated ellipse. Hence, 
if any effort is to be expended on determining the effect of a finite, coated, ground plane, it is 
probably preferable to obtain the fields from a coated ellipse and use Wait's more rigorous 
method. However, to obtain a qualitative idea of the effect of a coated ground plane, the 
method of Dome and Lazarus is adopted, despite its limited ability to describe, not predict. 
Thus, image sources of strength k are placed at the edges of the ground plane, and referring to 
figure 5b, the field is to be computed at a point P far removed from the slot at an angle 6 from 
the z axis which is perpendicular to the ground plane. The existence of a field kE e jut is 
postulated at the edges where k is a number, in general complex, and less than unity, and 
E is the source field at the slot. For the case of no coating, |&K<0, but with a coating the 
magnitude of k can increase, since the coating tends to trap or store energy, and less will be 
radiated outward from the coating as the wave traverses the distance from the slot to the 
edges of the ground plane. From figure 5, the field at P is 'E = E e jtat (e~ j ^ i>r -]-ke~ 3fivri -{- 
ke- j t° r *) } where r 1 =r+(L/2)^, and r 2 = r-{Lj2)sd. Therefore, E=E e j( » t -e° r) [l+2kc(l3 v sdLl2)]. 

Now, it can be conjectured that k=\k\e~ j ^ (L/2 He r where e r is the relative dielectric constant 
of the coating. This conjecture is arrived at by considering the wave to travel from the slot 
to the image-source location with the propagation constant of the coating material. Hence, 
in general, k will be complex. For the experiments conducted (e r =2.10, /=9.30 Gc/s, L = IS 
in.), hence @ v (L/2)'yJ v er ~20ir and, therefore, k is approximately pure real and positive. For this 

375 



TO FAR FIELD POINT P 




Figure 5b. Equivalent empirical image radi- 
ators for finite coated plane. 
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case, inspection reveals that the maximum 
(l+2fc) and |E min 
given by 



and minimum values of |E| are |E max | = |E | 



= |E |(1 — 2£) where the maximum points, lobes, occur at the angles 6 n 
2(n-l). ._ 1 o o (28) 



\xJ 



n- 



= 12 3 

J., w, o, . . 



The ratio of powers at the maximum and minimum points is then 

/1 + 2&V 
\l-2k)' 



\E m J 2 __ 



(29) 



From figure 4c of the text for the thick coating case (d/\ p = 0.40) it is seen that this ratio was 
measured to be about 15 db, corresponding to (from (29)) £ — 0.35. Using (28), the calculated 
locations of the lobes for this case are as tabulated in table 1. It is seen that these locations 
correspond quite well to those measured, and that in the region O°<|0|<9O°, 15 lobes are pre- 
dicted by the image theory, as also was measured. 

For the cases of a thin coating or no coating, there is very little energy trapping and k will 
then be very small, &<<0- However, the lobe location and therefore number, will still be 
governed by (28) which also agree very well with the more exact approach of Wait, using the 
limiting case of an elliptic cylinder. Hence, it is seen that the image theory of Dome and 
Lazarus can be extended to apply to the case of the coated ground plane by merely increasing 
the value of k to take into account the increased trapping of energy effect due to the coating. 
For any particular case, one should be able to determine a value of k, in general complex, so 
as to describe the observed pattern. Unfortunately, this method cannot predict k before the 
pattern is observed. 

7. Conclusions 

The radiation fields produced by a specified, tangential, electric field distribution in an 
arbitrarily shaped aperture cut in an infinite coated metal plane have been found by the 
Fourier transform method of J. R. Wait, and are given by (14) and (15). Experimental results 
for the case of a slot in a Teflon coated finite metal plane indicate that the infinite plane model 
can be used to predict the radiation patterns quite well in the plane of the slot (horizontal 
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Table 1. Lobe locations 



e n ° 


0. 




7. 


96 


17. 


20 


24. 


5 


33. 


7 


43. 


8 


56. 


2 


75. 


5 



1 

2 
3 
4 
5 
6 
7 
8 



plane) but not in the plane perpendicular to the slot (vertical plane). The patterns in the 
vertical plane (for the noncoated case) can, however, be predicted quite well by the method of 
Wait which treats the finite plane as a limiting case of a thin ellipse. Presumably, this method 
could also be used to predict the vertical plane patterns for the coated case. However, since 
the solution for the radiation fields from a coated ellipse are as yet unavailable, this must be 
left for future work. 

As such, an empirical image theory which is less rigorous than Wait's ellipse method is 
used to describe the vertical pattern, for the coated case, and shows that severe oscillations 
occur due to reflection at the edges of the ground plane and apparent trapping of energy by the 
coating (since the severity of oscillations increases with the coating thickness). 

Calculations of the horizontal plane radiation pattern for the case of a lossless plasma 
coating indicate that the pattern shape can be considerably sharpened, at the expense of some 
attenuation, when the plasma frequency is near or equal to the operating frequency. 

The near field and input admittance of an aperture in an infinite coated metal plane can 
be found by evaluating the Fourier transform coefficients in the near field and taking their 
appropriate inverse transforms. This is planned for a future companion paper. 
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